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Worldwide,	  many	  exis+ng	   reinforced	   concrete	   structures	   are	   in	   urgent	  
need	  of	  structural	  repair	  or	  strengthening	  due	  to:	  
	  	  deteriora+on	  and	  	  
	  	  growing	  load	  capacity	  demands.	  
	  
In	   the	  UK	   alone,	   the	   vast	   majority	   of	   concrete	   bridges	   built	   since	   the	  
1930’s	   are	   deemed	   no	   longer	   capable	   of	   sustaining	   increased	   traﬃc	  
volumes.	  It	  is	  es+mated	  that	  there	  are	  approximately:	  
	  	  10,000	   	  trunk	  road	  and	  motorway	  bridges;	  
	  	  150,000	   	  local	  road	  bridges.	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	  Innova+ve	  and	  cost-­‐eﬀec7ve	  design	  solu+ons	  
	  Improved	  tradi+onal	  repair	  methods	  and	  technologies	  
	  Solu+ons	  speciﬁc	  to	  repair	  /	  strengthening	  project	  needs	  
	  Prolonged	  life	  of	  exis+ng	  reinforced	  concrete	  infrastructure	  
A	  number	  of	   tests	  on	  realis7cally	  sized	   reinforced	  concrete	  elements	  are	  necessary	  	  
in	  order	  to	  develop	  a	  reliable	  composite	  strengthening	  system.	  
Intermediate	  conclusions:	  
Advanced	  composites	  contribute	  
signiﬁcantly	  to	  the	  ul+mate	  shear	  
capacity	  of	  reinforced	  concrete	  
elements.	  Studied	  parameters	  
greatly	  inﬂuence	  structural	  
behaviour	  of	  strengthening	  systems.	  
Tests	  include:	  
	  	  Material	  tests	  
	  	  Structural	  tests	  
	  	  Bond	  performance	  tests	  
	  
Tested	  structural	  elements:	  
	  	  Push-­‐oﬀ	  specimens	  
	  	  T-­‐beams	  
	  
Key	  parameters:	  
	  	  Shear	  capacity	  of	  elements	  	  
	  	  Load	  distribu+on	  and	  sharing	  
	  	  Composite	  to	  concrete	  bond	  
	  	  Composite	  bond	  length	  
	  	  Size	  eﬀect	  
	  
	  Vul+mate	  =	  Vconcrete	  +	  Vsteel	  +	  Vcomposite	  
	  
	  	  Material	  tes+ng	  of	  various	  carbon	  ﬁbre-­‐reinforced	  composites	  –	  sheets	  and	  bars	  
	  	  Structural	  repair	  and	  tes+ng	  of	  cracked	  control	  specimens	  using	  Tyfo®	  composites	  
	  	  Tes+ng	  of	  realis+cally	  sized	  T-­‐beams	  using	  various	  shear-­‐strengthening	  systems	  
	  	  Inves+ga+on	  of	  various	  anchorage	  systems	  for	  shear-­‐strengthening	  of	  T-­‐beams	  
	  	  Deep	  embedment	  shear-­‐strengthening	  technique	  for	  comparison	  of	  diﬀerent	  schemes	  
	  	  Development	  of	  reliable	  mechanics-­‐based	  design	  guidelines	  for	  shear-­‐strengthening	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Applied	  displacement	  [mm]	  
Control	  2	  s+rrups	  
SCH	  11	  wrap	  2R6	  
SCH	  11	  short	  2R6	  
Concrete	  fails	  
Residual	  steel	  contribu+on	  
Load	  ini+a+on	  
Residual	  FRP	  and	  steel	  contribu+on	  
Typical	  structural	  behaviour	  in	  shear	  –	  push-­‐oﬀ	  tests:	  
Studied	  parameters:	  
	  	  Varying	  number	  of	  shear	  links	  	  
	  	  Varying	  thickness	  of	  composite	  materials	  
	  	  Bond	  length	  varying	  from	  short	  to	  fully	  wrapped	  
	  	  Load	  distribu+on	  and	  sharing	  between	  components	  
	  Concrete	  compressive	  strength	  60	  MPa	   Tyfo®	  strengthening	  systems:	   Shear-­‐strengthening	  schemes:	  
	  Concrete	  tensile	  strength	  3.6	  MPa	   SCH	  11	  –	  thickness	  0.5	  mm	  per	  layer*	   	  short	  –	  minimum	  anchorage	  
	  2R6	  –	  2	  shear	  links,	  6mm	  mild	  steel	  S275	   SCH	  41	  –	  thickness	  1.0	  mm	  per	  layer*	   	  long	  –	  available	  side	  anchorage	  
	  3R6	  –	  	  shear	  links,	  6	  mm	  mild	  steel	  S275	  
	  
*two	  layers	  were	  used	  in	  all	  cases	   	  wrap	  –	  full	  wrap	  with	  overlap	  
Integrated	  programme:	  
